Extract from Gryllus bimaculatus crickets inhibits oxidation at the DNA level, with reduced production of 8-hydroxy-2'-deoxyguanosine (8-OHdG). Microarray analyses were performed with a rat 28K cDNA clone set array to identify the gene expression profiles of aged (10 months old) Wistar Kyoto rats treated for one month with 100 mg/kg G. bimaculatus ethanol extract to assess the effects. The extract produced a meaningful anti-edema effect, evident by the inhibition of creatinine phosphokinase activity. The weights of abdominal and ovarian adipose tissues were reduced and the proportion of unsaturated fatty acids in adipose tissues was increased in an extract dose-dependent manner. Compared with untreated control rats, rats treated with the extract displayed the upregulation of 1053 genes including Fas (tumor necrosis factor receptor superfamily, member 6), Amigo3 (adhesion molecule with an immunoglobulin-like domain), Reticulon 4, 3-hydroxy-3-methylglutaryl-coenzyme (Hmgcr; a reductase), related anti-fatigue (enzyme metabolism), and Rtn antioxidant, and the downregulation of 73 genes including Ugt2b (UDP glycosyltransferase 2 family), Early growth response 1, and Glycoprotein m6a. Data suggest that G. bimaculatus extract may have value in lessening the effects of aging, resulting in a differential gene expression pattern indicative of a marked stress response and lower expression of metabolic and biosynthetic genes.
INTRODUCTION
Water extracts of cricket (Gryllus bimaculatu, Gb) have been used in oriental medicine to treat fever and hypertension. Crickets are also reared in Korea as an amphibian food (1) . The main components of Gb are protein; fat including essential fatty acids like oleic acid, linoleic acid and γ-linoleic acid; ash; and moisture (2) . G. bimaculatus extract significantly decreases blood ethanol concentrations by enhancing liver mitochondrial alcohol metabolizing enzymes (3) . Grasshoppers that are roasted can also be a food source, but these are not typically consumed in Korea. The observed adverse effect level (NOAEL) of Gb is reportedly higher than 5 g/kg body weight/day, as shown in a 13-week oral dose toxicity study in Sprague-Dawley rats (4) .
Aging is a process of progressive decline in the physiological capacity of an organism, manifested by accumulated alteration and destabilization at the whole system level (5) . Generally, oxidative stress is a cause of aging in lipid peroxidation, protein carbonyl content increase, and DNA damage. Aging is also associated with a differential gene expression pattern indicative of a marked or lower stress response of metabolic and biosynthetic genes (6) . A recent report regarding protein and healthy aging showed that an evenly distributed protein diet provides a framework that allows older adults to benefit from the synergistic anabolic effect of protein and physical activity (7) . Gb contains rich crude protein (52%), which can be one of these protein sources. Aging is not prevented with an antioxidant agent or fruits instead of a sufficient daily meal. Nevertheless, we compared Gb extract to blueberry as a positive control of anti-aging activity, which decreass D-galctose-induced oxidative stress and brain damage in rats (8) , and its supplementation improved memory in middle-aged mice fed a high-fat diet (9) .
In the present study, we demonstrate the potential value of Gb ethanol extract in lessening the deleterious aspects of 174 M.Y. Ahn et al. aging in serum and the gene expression level of 10-month aged WKY rats, with treatment for one month.
MATERIALS AND METHODS
Materials. G. bimaculatus were reared on a cricket farm located in Jungsun, Kangwon-Do, South Korea. Crickets were freeze-dried in the Department of Agricultural Biology, National Academy of Agricultural Science, Korea.
Preparation of G. bimaculatus extract.
To prepare the ethanol extract, 1kg dried G. bimaculatus was homogenized, soaked, and extracted three times with 70% ethanol by ultrasonification for 30 min. The samples were filtered through Whatman filter paper and concentrated by evaporation and freeze-drying. The dried powder was dissolved in saline prior to use. Blueberry (frozen, imported) was purchased in the commercial Mart, extracted with 70% ethanol by ultrasonification and freeze-dried in an identical manner.
Animals. Male, 10-month old Wistar Kyoto (WKY) rats weighing 469.9 ± 9.4 g, obtained from Japan SLC (Shizuoka, Japan), were divided into three groups of six rats. Control rats were purchased from Jung Ang Lab Animals (Seoul, Korea). All procedures were in accordance with the NIH Guidelines for Care and Use of Laboratory Animals. The rats were acclimated for one week under normal husbandry conditions (23 ± 2 o C, 55 ± 10%, humidity and 12-hr light/dark cycle) and fed a standard diet (Rat and Mouse 18% 5L79; PMI Nutrition International, Brentwood, MO, USA) and water ad libitum. The rats were distributed into groups based on similar weights. The control group (I) was untreated. Group II was treated with 100 mg/kg G. bimaculatus ethanol extract in phosphate buffered saline. Group III was treated with 100 mg/kg blueberry ethanol extract. Each group was maintained for one month.
Organ weights. Absolute and relative (organ-to-body weight ratios) weights of the adrenal glands, kidneys, heart, liver, lung, spleen, stomach, pancreas, thymus, and ovaries were determined.
Measurement of blood pressure. Measurement of the direct model in vivo and the tail-cuff method (indirect) was performed on a weekly basis according to a previous report (10) . Using a blood monitoring system (Japan Muromachi Co., MK-100), we monitored WKY rats that had received a single daily dose of Gb extract (100 mg/kg) orally (diluted in saline) over one month. Measurements were performed one week before, and four weeks after treatments.
Blood sampling and plasma assay. Following one month of treatment, blood (~3 mL) was collected from the posterior vena cava following light CO 2 inhalation, and used for serum chemistry measurements of total protein, total bilirubin, glucose, glutamic pyruvic transaminase (GPT), glutamic oxaloacetic transaminase (GOT), γ-glutamyl transferase (GGT), alkaline phosphatase (ALP), creatinine phosphokinase (CK), lactic dehydrogenase (LDH), total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, blood urea nitrogen (BUN), creatinine, triglycerides, uric acid, sodium, potassium, and chloride. All were evaluated using a model 7060 automatic clinical analyzer (Hitachi, Tokyo, Japan).
Oxidative DNA (8-OHdG) damage quantitation. Among numerous types of oxidative DNA damage, the formation of 8-hydroxydeoxyguanosine (8-OHdG) was determined with an enzyme-linked immunoassay according to the manufacturer's protocol (Oxiselect TM oxidative DNA damage ELISA kit, Cell Biolabs, Inc., San Diego, CA, USA).
DNA microarray.
Following histopathological analysis, microarray hybridization was performed on liver samples as described previously (11) . Total RNA was isolated from the liver using a Qiagen RNeasy Midi Kit (Qiagen, Valencia, CA, USA). A regular microarray was carried out according to the manufacturer's instructions for the FairPlay TM microarray labeling kit (Stratagene, La Jolla, CA, USA). Briefly, 20 μg total RNA was reverse-transcribed to single stranded cDNA. The cDNA was purified with ethanol precipitation and resuspended in 5 μl 2× coupling buffer, and coupled with 5 μL Cy3 or Cy5 dye for 1 hr in the dark. The labeled control liver cDNA and the treated liver cDNA were combined and purified. The labeled cDNA was mixed with 1.5 μL 10 μg/μL salmon DNA, 1.5 μL 8 μg/μL poly d(A), 1.5 μL 4 μg/μL yeast tRNA, 4.5 μL 20× SSC, and 0.75 μL 10% sodium dodecyl sulfate (SDS), heated at 99 o C for 2 min, and incubated at 45 o C for 15 min. The labeled DNA was loaded onto a microarray chip. A hybridization chamber was assembled with the microarray chip and submerged in a water bath overnight at 60 o C. The microarray chip was washed in wash buffer I (2× SSC, 0.1% SDS) for 15 min, then in wash buffer II (1× SSC) for 5 min and wash buffer III (0.2× SSC) for 15 min. The slide was dried by centrifugation at 500 × g for 15 min, and scanned using a BMS Array Scanner and an applied precision Array WoRx eBiochip Reader (BioRad, Hercules, CA, USA) using the Cy3 and Cy5 channels (12) .
Analysis of fatty acid composition of rat adipose tissue. For epididymidal and abdominal fat analysis, the concentration of 29 free fatty acids and fatty acid composition were analyzed in adipose tissues by gas chromatography-mass spectroscopy (GC-MS). Test tissue fatty acid of each removed adipose or epididymidal tissue (0.1 g) was prepared by chloroform: methanol (2:1) extraction over-night and the filtrated solution was removed under nitrogen gas. Subsequently, the lipids were saponified by alkaline hydrolysis of the phospholipid at 100 Statistical analyses. The mean and standard error of all parameters studied were determined for each group using an ANOVA test. A Student's t-test was carried out to determine significant differences between the control and treated groups. A p value < 0.05 was considered significant.
RESULTS

Clinical signs and food consumption.
No deaths or adverse clinical signs were apparent due to the ingestion of the G. bimaculatus or blueberry extract. The level of food consumption was similar in all treated groups during the course of the study (data not shown).
Body weight, blood pressure, and heart rate changes. There were no toxicologically significant differences in the mean body weight between the treatment groups ( Fig. 1) . During the 1-month administration period, the body weights of the male WKY rats in the treatment and control groups were comparable. The mean weekly body weight versus time data are presented in Fig. 1 . No statistically significant differences in blood pressure (systolic blood pressure and heart rate) were observed between the 100 mg/kg G. bimaculatus extract-treated group and the control group. Hematology and blood chemistry. Some dose-dependent changes were observed between the treated and control groups with respect to the hematological parameters at the end of the experiment. An increase in activated partial thromboplastin time (PTT) was observed in the WKY rats in the treated groups (PTT: control, 37.2 ± 6.8 secs; G. bimaculatus extract 100 mg/kg, 44.2 ± 7.7 secs; blueberry extract 100 mg/kg, 32.2 ± 8.6 secs) but the differences were not significant. Minor changes were found in hematological parameters (eosinophils, neutrophils, lymphocytes, monocytes, and basophils) for some extract-treated (one side) male rat groups. However, the effects of the G. bimaculatus extract were not considered adverse because all changes in hematological data were within the normal physiological range (Table 1) .
Serum biochemistry.
In the sera of the G. bimaculatus extract-and blueberry extract-treated WKY rat groups, creatinine phosphokinase (CK) levels were significantly lower than those in the control group after 1 month of treatment [control, 444.5 ± 297.9 IU/L; G. bimaculatus extract, 335.2 ± 179.1 IU/L (25% reduction); blueberry extract 309.0 ± 204.5 IU/L (30.5% reduction)]. Serum glucose levels were also lower versus the control (control, 218.6 ± 68.0 mg/dL; G. bimaculatus extract, 244.6 ± 50.3 mg/dL; blueberry extract, 273.6 ± 4.3 mg/dL), however the differences were not significant.
DNA microarray. Microarray analysis using a mouse 28K cDNA clone set array was performed to identify the gene-expression profiles in the livers of G. bimaculatus extract-treated WKY rats, in order to clarify potential markers for aging. Compared with the control group, treated rats showed 1053 upregulated genes, including Fas (tumor necrosis factor receptor superfamily, member 6), Amigo3 (adhesion molecule with immunoglobulin-like domain), and Reticulon 4 (Rtn4) ( Table 4) . Rats treated with 100 mg/kg G. bimaculatus extract displayed the downregulation of 73 genes including UDP glycosyltransferase 2 (Ugt2b), Early growth response 1 (Egr1), and Glycoprotein m6a (Gpm6a) ( Table 4) . 3-Hydroxy-3-methylglutaryl-coenzyme (Hmgcr; a reductase), related anti-fatigue (enzyme metabolism), and Rtn antioxidant were also upregulated. DNA oxidative damage (8-OHdG) quantitation. The formation of 8-hydroxydeoxyguanosine (8-OHdG) in serum was decreased in a treatment dose-dependent manner showing a decline in DNA oxidative damage (Fig. 2) .
Fatty acid composition in rat adipose tissue. The fatty acid profile as indicated by GC-MS, showed a slight decrease in the arachidonic acid (C20: 4n6, AFA) concentration in epididymidal and abdominal fat of the male WKY rats in the Gb extract-fed group over a 1-month period compared with the control group (Table 5 and 6 ). There were also increases in the unsaturated fatty acid (FA) ratio especially single (mono) FA and decreases in saturated fatty acids in the Gb extract-fed groups.
DISCUSSION
Aging can be defined as a process of progressive decline in the physiological capacity of an organism, manifested by accumulated alteration and destabilization at the whole system level (5) . In seeking to lessen the deleterious effects of aging, safer and more effective drugs developed from substances obtained from natural products including sericulture products and crude insect-based preparations, have been studied (13, 14) . Slowing aging using a range of approaches has included ingestion of anti-oxidants for repairing oxidative damage in DNA, protein, and lipid, as well as stem cell-mediated tissue regeneration, and gene therapy (15) (16) (17) .
DNA microarray analysis is a powerful tool for examining the mechanisms of complex conditions including aging. The gene expression profile of the gastrocnemius muscle from 5-and 30-month old male C57BL/6 mice revealed that aging is associated with alterations at the mRNA level (6) .
Gb extract contains many components such as amino acids, nucleic acids, sugar, lipid and some active substances (unpublished data). Thus, it can access multiple receptors and can prevent the causes of aging due to the fact that it contains amino acids as a protein source for healthy aging (7). For instance, Gb extract also contains trehalose (insect sugar), chitosan derivatives, essential fatty acids, nucleic acids and grypin (anti-hypertensive agent). Therefore, Gb extract showed a critical anti-aging effect at the DNA oxidative damage decrease level according to the reduction of 8-hydroxy-2'-deoxyguanosine. In addition, creatinine phosphokinase activity exhibited a 25% reduction with an antiedema effect on 10-month old male Wistar Kyoto rats in the present aging study. The glucose level of the treated groups was slightly increased, 11.9% with the Gb extract and 25% with the blueberry extract (25%), however this increase was not statistically significant compared with the control group. In the present study, with respect to the serum glucose level, Gb extract has a lesser effect than blueberry extract. Furthermore, data generated from the DNA microarray supported the anti-aging effect of the extracted G. bimaculatus, with meaningful gene expression profiles in WKY rats PairMean ratio* means pair Mean ratio (test/control).
Fig. 2.
8-OHdG level in 10-month old WKY rats treated orally with Gb ethanol extract for 1 month. Gb100 or BL100 corresponds to the 100 mg/kg Gb ethanol or 100 mg/kg BL ethanol extract-treated group.
being observed after a 1-month treatment. Fas (pro-apoptotic and matrix-degradation gene expression following induction of osteoarthritis in mature and aged rabbits (18), Amigo3 (19) , and Rtn4 (whose expression protects SH-SY5Y cells against multiple death insults (20) were upregulated (Table 4) . Ugt2b, Egr1, and Gpm6a were downregulated (Table 5 ). Ugt2b and Egr1 play an important role in the regulation of cell proliferation, differentiation, and angiogenesis (21, 22) . Gpm6q, the sole member of the proteolipid protein family of tetraspan proteins to be expressed exclusively by neurons in the central nervous system (23, 24) , was down-regulated 0.67 fold.
In conclusion, G. bimaculatus extract has potential efficacy in the treatment of aging in WKY rats by significantly reducing CK in serum. Consequently, G. bimaculatus extract may be a protective nutraceutical for aging-related disorders including circulatory disorders. The gene expression profile of WKY rats treated with G. bimaculatus extract could be a valuable prognostic marker to identify potential therapeutic targets for aging.
